Recently EU Legislation replaced the mouse bioassay method for lipophilic shellfish toxin testing with an LC-MS/MS method. There have been several reasons, among them, lower false positive and negative rates as well as better precision and accuracy of the chemical assay. This has been shown in the interlaboratory validation study coordinated by the EURLMB, and in some other independent interlaboratory validations carried out in the EU using different LC-MS/MS methodologies. Whereas two different HPLC conditions have been used, common for both methods is that the determination of all regulated lipophilic shellfish toxins requires acquisition in positive and negative electrospray ionization (ESI) to gain the best possible sensitivity. However, there is concern that throughput for the LC-MS/MS method is not sufficient for routine use. In this work we show the results of an inter-lab validation for a fast UHPLC-MS/MS method working under acidic conditions acquired in 3 labs and 4 different UHPLC-MS/MS instruments. Twelve lipophilic marine toxins were acquired in fast polarity switching using Dynamic MRM for optimizing the duty cycle of the MS. Azaspiracids and pectenotoxins were analyzed in positive mode and yessotoxins were analyzed in negative mode. The okadaic acid group was analyzed in both positive and negative ionization and results for both ionization modes were compared. The validation was done using the experimental design and samples for an interlaboratory validation study over a 3-day period based on the EU harmonized SOP published by the EURLMB.
Introduction

Conclusions
Experimental
• Sample Preparation:
Shellfish sample 2 g ground and homogenized extracted with 9 mL methanol by vortexing for 3 min. After centrifuging for 20 min @ 2000 g the supernatant transfered to a 20 ml volumetric flask and the remaining tissue pellet extracted again. The supernatant of the second extraction combined with the first extract and the volumetric flask filled up to the mark with methanol. The extract injected as is or hydrolized with 2.5 M NaOH @76°C for 40 minutes first to determine the total content of OA group toxins.
• UHPLC-MS/MS parameters: − Agilent 1290 Infinity UHPLC system consisting of a G4220A Binary Pump, G4226A High performance autosampler, and G1316C Thermostated column compartment − Agilent G6460AA QQQ system (FW A.00.06.25); MassHunter Workstation B.04.01 − Agilent ZORBAX RRHD SB-C8, 2.1 x 50 mm, 1.8 µm @ 40°C; Mobile Phase: (A) 2 mM ammonium formate + 25 mM formic acid and 2 mM ammonium formate in 95% acetonitrile, flow rate 0.4 ml/min; 0.5 min isocratic at 12% B, linear gradient to 50% B in 2.5 min, linear gradient to 90% B in 3.5 min, 1.5 min isocratic at 90% B, linear gradient to 12% B in 0.1 min. Total run-time 8 min. − Electrospray ionization, positive and negative MRM mode with two primary mass transitions per compound, VCap ± 3 kV, Drying Gas 8 l/min @ 200°C, Nebulizer 45 psi, Sheath Gas 11 l/min @ 400°C, unit resolution et al., J. Chromatogr. A, 1216 et al., J. Chromatogr. A, (2009 [1421] [1422] [1423] [1424] [1425] [1426] [1427] [1428] [1429] [1430] Influence of pH value of mobile phase: Figure 1 shows the relationship between the pH of the mobile phase and the charge state of the different marine toxins. The solution phase chemistry does have an effect on the ionization of these compounds by ESI. Most notably is the yessotoxins with two proximal sulfate groups. At low pH only a singly charged YTX is preferred but at high pH the doubly charged ion is more abundant.
Results and Discussion
Low pH mobile phase may produce reduced ionization of negative ions but also the production of ammoniated and sodiated adducts of the pextenotoxins as shown to the left. However, the azaspiracids exhibit abundant H + ionization. The great variation in chemistry of these compounds make it difficult to optimize for any individual group of toxins. In addtion, the pH of the mobile phase has a significant effect on the chromatographic separation. At high pH there is no retention of domoic acid and the AZA compounds peak shape is poor. As shown in Figure 2 , a low pH mobile phase with the SB-C8 columns provides retention for domoic acid and good peak shape for the azaspiracids. 
RESULTS FOR THREE CONSECUTIVE DAYS
The need for either stable isotope internal standards or use of matrix matched standards is demonstrated in Figure 3 . For okadaic acid, either in positive or negative ion mode, the standard in matrix shows an enhanced signal over methanol.
In contrast the other toxins show matrix suppression of the ESI signal. Either case results in either erroneous high or low sample concentrations. Not only are stable isotopes not available but until recently many of the toxins were not available making it necessary to use only a few standards to determine (semi-quantitatively) the concentration of those that are not available. Using standards that were available the concentrations shown in Figure 4 were determined for a mussel sample and a spike used for quality control. Limits of detection were determined for the okadiac acid group and are shown to be well below the current EFSA regulated limits for shellfish meat. Again, matrix enhancement is observed for okadaic acid in both positive and negative ionization modes. However, DTX1 and DTX2 shows little matrix effect in positive ion mode and enhancement in negative mode (much more pronounced for DTX2).
Finally, the above table shows the reproducibility and accuracy of the LC/MS/MS assay for the marine toxins that standards were available. Note that the okadaic acid group (OA, DTX1 and DTX2) results are shown for the hydrolyzed sample giving free toxin concentration. These are acceptable results but the need to be demonstrated in multiple laboratories.
• The methodology and boundaries of analysis of EU regulated marine toxins have been developed.
• Standards of all eleven toxins have recently become available but are still difficult to obtain. These results show that all standards are needed and that matrix effects require matrix matched calibration for the most accurate results.
• The acidic pH mobile phase method has been shown to be the most effective when domoic acid needs to be determined and for best results of the azaspiracids
• A mini-interlaboratory study was attempted but because of shipping problems was impeded and needs to be completed.
